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FUNDAMENTAL TRANSMITTING rn 

CIRCUITS. A. 
SUESTION #1, Of what does a tube circuit consist, when it is 
& #8. so arranged that it will generate oscillations? 


+.9 The furdamental requirements of s tube cireuit that 
will generate oscillations are; An oscillatory cir~ 
euit eontaining indectance aud capacity through 
whieh the grid and plate circuits of the tube are | 
eo coupled either inductively, caracitively or direect~ 
ty ly in such a mamer that the phase relationship bhe- 
tween the two circuits will be the same. The soeff~ 
acient of eoupling between the grid and plate cir- 
cuits is mere or lees critical. 


SUESTION #2. Draw a fundamental Meissner circuit omitting batt-— 
eries. What doses the cireuit consist of? 


ANSWER #2. 


The 
Meissner 
Cireuit, 


a 


The oscillatory circuit eonsists of the coils L32 and 
L4 and the condenser Se In transmission the conden= | 
¢C would be poner by the antenna. The eoil Ll 

is included in the plate cireuit of the tube and is 
coupled to the acil L3 while the eoil Le is incelud=. 
ed in the grid elreuit of the tube and is ecupled = | 
to L4. Feeble oscillations oceuring in the oscilla- | 
tory circuit will induce an alt ternating voltage in | 
eoil L2 which will act on the grid, producing varia~ 
tions in the plate surrent flowing thru Li and these 
Will produce an alternating voltage in the coil L3 
Which with the proper Sign and sufficient strength 
of coupling, will rein force the original oscillation! 
causing them to inerease in amplitude. The increased, 

ogseillations will induee a still greater voltage in 
the coil Le and sorrespondingly greater variations | 
in the enrrent thru Ll, leading + te a further increas¢ 
the oscillating ourrente This building-up procéss 

utinues until the vacuum tube cannet supply enough. 
wer to the oscillatory circuit £0 imerease further: 
hs amplitude of the oscillations ané an alternating 
current of constant amplitude will flow in the ely 
cuit having a frequency very nearly that of the 
ural pe riod Ot the one etesy CATER be 
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QUESTION #3. Explain how oscillations are generated and msin- 
tained in the Meissner circuit. 
ANSWER '3e If a difference cf potential be maintained between | 
the plate and filament of the tube, with the plate | 
positive in respect to the filament, a current will 
fiow in the plate circuit and through ¢ oil Lle A { 
magnetic field is thus set up about an Ll and thit 
field cuts the turns of LS inducing an EMF in the 
tuned cirouit L3 14 and G. L2 is cut ty the lines | 
of foree from 14 and the arrangement of coil vwindins 
y and conneestions is sush that he resulting Emf gene) 
‘ erated in L2 and applied to the grid of the tube is) 
aa in the same phage relation as the current flow in Li 
: snt flow in the plate 
of the tuhe to become 
© am inerease i 
fields and inerea 
egal ps action 
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and ae poter 
arid of the © 
ion has reach- 
| ion and the | 
| plate supply is supplying enor ae ergy to the ciret 
| it to compensate for that disei ed in radistion, | 
| in overcoming resistance and the ee losses take j 
ing place in the circuit. When the plate current * 
reaches its maximum value, there is no further. ine _ 
crease to maintain the field about Ll and the field. 
ezollapses inducing an emf in the opposite direction< 
A consequent reversal of potential is oe to the 
grid of the tube and thus reduces piste current 
until the minimum value ef plate pee is flowing. 
at which point no further decrease can be made to | 
mairitain the negative potential on the grid and it 
returns to its original potential which value de- 
pends upon the value of the grid leak or the potene 
tial of the grid biss battery. The plate now takes 
another rush of current from the plate power supply, 
The grid is alternately thus swung negstive and 
pos itive and plate current increases when the grid 
is positive and decreases when it is negative, main<« 
taining oscillations of a constant amplitude if the | 
plate supply is of eonstant potential snd at a freq- 
uency dependent upon the LC value of the tuned os- 
cillatory circuit. The plate supply furnishes just © 
) enough power to supply that dissipated by 311 of the 
: losses in the circuit. 
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QUESTION #4. Draw the fundamental Hartley circuit. How does it | 
differ from the Meissner circuit? 


ANSWER #4 


(see next sheet) 


NSWER #4. Continued. 


QUESTION #5. 


ANSWER #56 


The Hartley circuit differs from The Meissner cir= , 
cuit in that Ll and L2 are directly {inductive) _ 
coupled instead of indirectly coupled. ii and Le 

are shunted by capacity C and together form the 
oscillatory cirsulit and determine the frequency of 
oscillations. The magnetic field of the two indue}- 
tances cut both coils and a transfer of energy takes 
place from plate to grid circuits and, if the phase 
relationship between the circuits is the same, os- 
cillstions will occur. Ordinsrily, coil Ll and Le 

is a single coil with an intermediate connection to 
the filament. 


Draw the fundamental Colpitts circuit. How does this 
differ from the Hartiey and Meissner circuits? 


phe 
Colpitts | 
Clreult. 


The cemmon return of grid and plate to filament is 
taken off at an intermediate point between capacitiss 
instead of an intermediate point between L1 and Le 
as in the Hartley and Meissner circuits. The oscilla 
tory current flow sccurs through the inductances 

and capacities both, and the veltage distribution 
acress the inductance and eapacitance is about the 
Same insofar as the highest RF voltage is present 


owen 


ANSWER #5. Cortinued. 


at the extremities of the coil and the voltage node 
occurs at the common return to filament. The canter 
tap between condensers is likewise at a voltage 
nodal point. The proper combination of series ine 
ductance and capacitance renders the reactance of 
the gircuit less than would be the esse if either 
the inductance or capacity were deleted from the 
eirsuit. This is because capacitive reactance and 
inductive reactance have opposite characteristics 
: and carry unlike algebraic signs and the tetal reac« 
) tance ig the algevraic sum of the two. The grid cir« 
euit in the Hartley is thus through the induetanee 
L, cendenser Cl back to filament, while the plate 
eireuit is through the inductance L thru C2 and 
back to filament. Inductance L being common to both 
tircuits, a transfer’ of snergy takes place between 
irgaits and the phage relationship of teoth cir- 
uilts must be the same. The Colpitts circuit both 
thesretically and practically is generally conceded 
to be as geod or better than any other oscillating 
circuit. Tt is more stable because a large capacity 
is always in shunt with the parasitic capacity which 
exists between plate and grid, between 2zrid and 
filament and between ciate and filament, within the 
ube « : 


on 
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SUESTION #6. What is meant by half-weve rectified transmitting 
circuit? How obtained? 


ANSWER 76. Plate current, in any vacuum tube, will ?low, only 
when a positive potential is applied to the plate, 
in respect to the filament, because, when this cone 
dition exists, electrons, leaving the filament, will. 
be attracted to the plate, and will flow between the 
filament and plate, whereas, when the plate is negae 
tive, in relation to the filament, the electrons will] 
be repelled and prevented from reaching the plate; 
thus rio plate current will flow. If an alternating 
voltage is now impressed between the plats and fila~- 
ment of the tube, the tube will act as ea rectifier 
at the same time slso functioning as an oscillator. 
oscillations thus occur only during the time when | 
the plate is positive, or "on the positive half of 
the ¢ycle." Oscillations are thus intermittent and, 
as the voltage is continually varying sinusoidally, 
the resulting oscillations are not of constant am-= 
) , plitude, The tone frequency will be the same as the | 
es frequency of the impressed alternating current inso-| 
far as oscillations and one wave train cccurs once | 
: each cycle. 
SUESTION #7. How are two tubes hooked in a transmitting circuit to 
obtain full-wave rectification, using AC on the fila~ 
ments snd plates? 


ANSWER #7. The filaments of the twe tubes are heated by a fila- 
ment transformer secondary, Zach of these two tubes.” 
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ANSWER #7. Continued, 


is used as an oSciliator or amplifier and automati- 
eally reetifies its own plate current by allowing 
current to flow only during the positive half of 
the cycle as previously explained. The plate trans= 
former, which supplies high voltage Ac to the plate 
cireuits, must have its secondary so wound that it 
supplies double the voltage desired cn each tube 
and the extremities of the sesondary connect te the 
plate circuit of each tube through a radio frequency 
choke in such s manner that, when one end of oe 
winding is positive, it will supply pot Ae anes 

ne tuhe, and, when the opposite end is posit ive, 

it will supp ly potential for the other tube. The 
transformer secondary is center-tapped and this 
center=tapn serves ss the negative plate sapply re- 
gasrdless of which tube is in operation. Thus one 
tube operates ¥ while the other tube idles and each 
sSube is in cperation during ere half of the eyele. 
The result is continuous oscillations which, however 
ae a constantly varying amplitude because of the 

inuseidal voltage variation. The resultant tone 
will be twice the frequency of the applied AC as 
each tube funetions during one cycles This eirenit 
requires the use of matched tubes having Rdoneioal 
seb] 


« 


me 


eharacteristi = because the oscillatory current from 
each tube is usually fed threugh a common LO cireult 


and the tone ll be smooth and stable only when the 
ube cha as eee ue. are approximately the seme. 


“USstION #9. whet conditions exist in order to stop oscillations 
from being generated from a vacuum tube? 
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e Will stop oscillatin £ the coupling bee 
jhe grid and plate eir ® ig reduced to a 

h e the feed-back is insufficient to maine 
lations, [f the plate or filament ciraits 
the tube stops cascillating. If the resig- 
he LC eirguit is ee high that ogcillaticns 
lations are damped out befcre they can 
08 a ouple te reversal, the ecirenit stops oscilla-~ 
ting. If the load placed u upon the circuit is greater 
than the plate supply can furnish while still supply: 
ing euffisient energy to eompensate for RF dissipa- 
tion losses, the circuit will stop oscillating. If 
the grid bias beeomes so negative as to reduce the 
plate current to a peint where is is unable to sup- 
ply the losses the tube will stop oscillating, If 

the grid becomes free, the plate current will be 
reduced to almost zero quicker than the reduction 
could be accomplished with a switeh,. This letter 
fact ig taken sdvantage ef to prevent arcing at the | 
key when breaking the plate supply when seying is 
accomplished in ths so called e¢enter tap of the fila-« 
ment transformer, because the high negative potentia] 
impressed upon the grid of the tube blosks the plate) 
supply before arcing has time to oecur. If the plate: 
supply becomes negative with respect to the ase 
the tube will stop | oscillating. if the ratio of 

A ppee. 


capacity to indus becomes too great the tub: 
en om $ton ogel ine. s 
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“UESTION “#10. How are adjustments made in vacuum tube beanontes 
ting circuits to obtain maximum output? 


ANSWER #10, The grid coupling or the amount of energy trans~ 
ferred from the plate circuit to the grid circuit | 
determines the grid excitation. The best opersting . 
conditions is with the grid excitation reduced to a 
point juct a little sbove where the tube ceases 
te oscillate. At this point maximum radiation or. 
load ¢sn be obtained with minimum plate current and 
thus the efficiency of the tube ‘ incressed. If | 
= the critical roint is approached too elosely the 
y tube will be erratic or unstable in operation so 
; erid excitation should be slightly grester than is | 
necessary to maintain oscillations. In the Meissner 
circuit, grid excitation can be vsried by a varia-_ 
tion in coupling between the grid circuit and the 
LC circuit. In the Hartley or Colpitts circuits 
the grid excitation is varied by varying the vol= 
tage nodal point either way from the center tap of 
the inductance. In the Hartley circuit moving the 
center tap toward the grid end reduces exci tation 
because the grid portion of the inductance is in-= 
sorporating less $urns than before and the voltage — 
gPOP between the grid and filament will be less 
than before. In the Colpitts cirenuit, the same 
results may be obtained by varying the rescpective | 
values of the center-tapped condesnserse. If the grid 
circuit contains the lower value of capseity, the | 
excitation is lessaned. In the Colpitts circuit, 
the grid condenser is the one connected te the 
plate end of the indéuetsnee coil. 


“UESTION #11. What disadvantages are there in using coupled tuned 
circuits? In using conductive or direct capacitive | 
coupling? 

i 

ANSWER S11. When the resistance of both circuits is extremely i 
low, coupled tuned circuits are not satisfactory, | 
pecause, at this condition, a large transfer of 
energy will tske place even with very loose coup= 
ling. A mereeG: meeuapton in transfer occurs when 


thus the “aaiuet heat of coupling is very ‘eritical 
often resulting in erratic operation. When large 
energy transfer is made from one circnit to the 
other using coupled tuned cireuits and the resis~ 
tance of each is low, a large retrensfer of energy 
) takes place to the oseill ation generating cirenit 
ie causing two frequencies to be generated. In the 
ease of master-osciljator power-amplifier circuits, 
where the coupling between the master-oscillator | 
and the power~smplifier is inductive, the stability 
of the ogcillatecr is essily disturbed and it is 
difficult to prevent the amplifier from scscillate 
ing. Where the resistance of one of the circuits 
is fairly high, inductive coupling is desirable. | 
Antenna circuits have comparatively high resistaneg 
because of the radiation resistance and it is ade 
visable to use inductive coupling to insure the 


emission of s sharp pure wavs of low decrement. 
Direct coupling tends to broaden the emitted wave 
and as actual contact exists between the two eire 


6 
cuits harmonic frequencies are readily radiated. 
Direct capscitive coupling ig little used in ant- 
erna circuits because the low reactance o? condene 
gers at radio frequency allows the harmenic freque 
encies to pass almost as readily as when direct 
contact is made. Capacitive coupling is used meste 


ly for coupling MOPA circuits because the tendency 
of the power amplifier to oscillate at the frequ- 


ercy of the oscillator is greatly redueed and lite 
tle neutralization is necsasary. of ten when the 
master oscillator is well shielded, capscitive 
coupling can be uwaed and no neutralization is 
necessary to prevent amplifier oscillations, 


CURSTION #12. Drew a fundamental master-oscillator power-ampli- 
fier (MOPA) transmitting circuit. What does the 
circuit consist of? 
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1 Master-Oscillator Power-Aimplifier 
ing Colpitts Oscillator. 


illator cirouit may be used, but in this 
aee e Solpitts oseillator circuit has heen 
uged, The circuit consists of the cecillator 
roult with its filament and plate supply. Both © 
filament and plate supply may be common to both 
the oselllator and amplifier although usually in 
practice less voltage is used on the oscillator, 
than on the amplifier. Such is the case in this 
Gliasram and a series reactance has been used to 
lower the voltaze. Assuming the normal oscillator 
plate current to be 100 MA and the voltage on the 
plate to be 750, the valine of the resistance is, 


ANSWER #18. Continued. 


by Ohm's Law, 12,500 Ohms and it must be of suf- 
ivient ainensions to safely dissipate 125 watts 
of energy continuously. The amplifier consists 
of a plate tank circuit which is tuned in this 
case to the game frequency as the osgillator. In 
the case of a crystal controlled oseilistor scme- 
times the amplifier is tuned — one of the cry= 
stal'ts harmonie frequeneies. The grid of the amp-= 
lifier is untuned but is driven by the osciliations 
f4y from the amplifier by means of capacitive coupling 
of the grid of the amplifier with the plate cir- 
cuit of the oseiliator. A negative grid bias is 
usually used aud keying of the amplifier can be 
easily and stably accomplished in this circuite 
Keying in the amplifier cireuit (grid} does not 
give rise to unstable operating conditions as is 
the case when keying is dcne in an oscillator grid 
circuit. In the power amplifier, the relationship 
between the grid and plate current is perfectly 
lined whereas an esciliator grid current bears no 
such relationship to the plate current. When a 
harmonic frequeney of a crystal ccentrolled trans= 
mitter is being used to drive the power amplifier, 
the amplifier grid always is maintained at a high 
negative pote ential as this tends to increase the 
amplification of any harmonic frequency used, Neue 
traligation is accomplished in this case by feeding 
a portion of thre energy from the grid end of the 
oseillator to the plate of the amplifier through 
a small series eondenser which serves to exactly 
compensate in valne for thet applied from the os= 
@illator plate to the amplifier grid cireuit and | 
also prevents a positive potential from the ampli- 
fier plate circuit from ré@aching the cscillater 
grid. The neutralization feed-back is from the 
opposite end of the coil from that of the feed 
which swings the emplifier grid & and consequently 
is 180° different in phase and as its value is 
adjusted te be exactly equal te the feed which 
wings the amplifier arid, complete cancellation 
@ place. The amplifier arid however is much 
er to sing than would be the amplifier plate 
eco the amplifier is controlled by the feed | 
oselllater plate. Suitable blocking, 
aad controlling condensers are ineludea 
ircuit as well ss suitable RFCs, the pure 
i either obvious or has been preve 
» The plate eireuit of the 
uctivesly eccupled te the antenna 
of feed from the oeeillator to 
readily adjusted by means of | 
at any point between the 
and the plate end of the | 
ge node exists at the 
nd the high voltage. 
so the transfer of 
ip is in the center 
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ANSWER #12. 


SUESTION #13. 


ANSWIN 
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SUESTION #14. 


Continued, 

end maximum when at the end. The smallest lcad on 
the escillator possible should be used to drive : 
the grid the amplifier *or the less the load of: 
the ose@eil’ ireuit the more igolated it wil 

be and os ations will be mere stsble. The ogsci- 
ilator sh gkhielded and the shield grounded 
but in an there should never be any coupling. 


between 
such is 
lipoasible, 


liater snd amplit ier coils for if 
neutralization will be nearly 


wtih ob ot 


What is the advantage of the MOPA over an oscilla- 
tor connected directly to an antenna system? 


A heavy icad must be drawn from the oset illator 
when the oscillator is directly oe eeted to the 
antenna system, and consequently th eci lator 
is less stable in frequencye pe eee eae of energy: 
from the antenna circuit to the cscliilator will 
cause additional umstability and if She antenna 
swings, the eseillator frequency sill swing. Hare 
monies from the oscillator are readily radiated. 
In the MOPA circuit, the isolated oscillater runs © 
steadily and with constant freqvency because little 
lead is placed upon it. The oseillator ordinarily 
is not keyed and the frequeney swing caused by 
keying is eliminated. Harmonic frequensies from 
the oscillator are not amplified a. the ampli 


fier plate tank is tuned to the harmon e srequency< 
MOPA cirenits ars espec eres i erage whe re the 

antenna may swing or at any time when the eden 
must be maintained constant. 


y 


Explain the operation of the MOPA circuite | 


An explanation of the cperstion of _ master= 
oscillator power-amplifier glrouit was given under 
the answer to Question #18. The Sei riate oscil~ 
lates at the frequency of its LO sireulit or at 

the ere quency of the crystal driver. The output of 
the oscillator is fed to the grid st of the 
amplifier sube either inductively er, preferably, 
capacitively, and, as the grid of she aGnlet vee 

is swung by the rsaio frequeney ogcillations of 

the oscillator, it will amplify the charseteristie 
wave form and troquency of the oscillator in a 
plate tank of the amplifier but at a much highe 
amplitude depending upon the amplification ee 
of the amplifier tube. The amplifier ecireuit should 
never oscillate and preferably should not be ina 
regenerative eondition. 


